We further modified a diethylaminoethyl-cellulose calurnn-chromatographic System [Clin. Chem. 21, 392 (1975)] so that it will separate all three serum creatine kinase isoenzymes. The modified system can be used to detect brain-specific creatine kinase isoenzyme in serum after brain surgery.
Materials and Methods

Enzyme Assay
Creatine kinase activity was determined at 37 #{176}C by the Rosalki-Oliver method (7) by using the "CPK Fast-Pak" (Calbiochem, San Diego, Calif. 92112). Normal values for this assay are 5-90 U/liter. We used a Unicam SP 1700 Spectrophotometer (Canadian Laboratory Supplies, Ltd., Toronto, Ont., Canada).
lsoenzyme -Purification
Brain CK1 and CK3 were obtained by homogenizing brain tissue in 100 mmol/liter KC1 (1 g wet weight in 2 ml). The extract was clarified by centrifugation (1300 X g, 30 mm, 10 #{176}C).
The CK2 used to fortify the brain extract in order to confirm the separation of the three isoenzymes was obtained by applying heart tissue that had been homogenized and clarified, as outlined above, to a 10 X 300 mm column of DEAE-cellulose (Sigma). The isoenzymes were separated as described by Keut#{233}l et al. (8) . Homogeneity of the CK2 isoenzyme was confirmed by electrophoresis.
lsoenzyme Separation CK isoenzymes were separated by a modification of the method already described (3). Medium mesh DEAE-cellulose (Lot No. 34C-1390; Sigma Chemical Co., St. Louis, Mo. 63178) with an exchange capacity of 0.9 mmol/g of dry cellulose was used in all the experiments described. This anion exchanger was poured into a 125-mm disposable Pasteur pipet (Scientific Products, Evanston, Ill. 60201) to give a final column dimension of 5 (i.d.) X 70 mm. Whatman (Reeve Angel, Clifton, N. J. 07014) diffusion discs were used as plugs in the columns. Before the sample was added, 2 ml of the starting buffer was allowed to pass through the column; the last milliliter was allowed to run through as far as the upper surface of the gel. A sample volume of 1 ml, containing CK activity in the range of 100 to 600 U/liter, was applied to the column, and the flow was stopped as soon as the top of the sample reached the upper surface of the gel. The isoenzymes were then separated by stepwise elution with buffered sodium chloride. Three 1-ml fractions of 50 mmol/liter tris(hydroxymethyl)aminomethane buffer containing 10 mmol of sodium chloride per liter, pH 7.0 (25 #{176}C), were collected in three vials. Then three 1-ml fractions of the same buffer containing 150 mmol of sodium chloride per liter were collected in the subsequent three vials. Finally, three 1-ml fractions of the same buffer containing 325 mmol of sodium chloride per liter were collected in the last three vials. Aliquots (100 jul) from each vial were tested for CK activity. Fractions corresponding to each of the three peaks were pooled, concentrated ( to a final activity of about 100 U/liter.
Electrophoresis on Cellulose Acetate
The procedure was as described previously (3). The activity of applied samples had to be greater than 100 U/liter and hence pooled column fractions with activities less than this had to be concentrated. Figure 1 illustrates the separation obtained with the elution scheme described. The clean separation of isoenzymes was confirmed by cellulose acetate electrophoresis. Figure 2 shows the separation of the isoenzymes in the brain homogenate.
ResuRs
Our results confirm the findings of Klein et al. (9) that brain contains both CK3 and CK1. Figure   3 illustrates a typical pattern for sera from patients who had undergone craniotomies and neurosurgical intervention. As with tissue extracts, the separation is clean and the figure illustrates the greatest advantage of using DEAE-cellulose, the very stable baseline obtained between the isoenzyme peaks allows much more accurate quantitation of isoenzyme activities. Within-run precision of the method was evaluated by subjecting a serum sample, with all three isoenzymes present, to separation on 10 columns. A sample volume of 1 ml containing 464 U/liter of activity was applied to each column. The results are reported in Table 1 . Table 2 summarizes results for the various group of patients, CK1 appeared only in sera from the neurosurgical group.
Discussion
The nonspecificity of total serum CK activity measurements is now well established, and so measurement of tis- CK isoenzyme activities has become necessary.
However, present methods, though sensitive and specific for CK2 and CK3, tend to be time consuming and probably not sensitive enough for CK1. The method of separating the isoenzymes on a mini-column of DEAE-cellulose has proved itself as regards speed, reliability, and precision when compared to electrophoresis on cellulose acetate. A previous report by us (3) established the separation of CK3 from CK2; however, the buffered salt concentration used to elute CK2 would have also eluted CK1 from the column if any was present. CK1 was not detectable in the sera of either patients with myocardial infarcts or in patients with increased serum CK activities not caused by heart or brain abnormalities (Table 2) , thus lending support to the results previously reported and to the reliability of the column method. We have also confirmed the presence of CK2 (3) and the absence of CK1 in the sera of a healthy laboratory staff. The reliability and speed of the method described makes it an invaluable aid in determining the source of CK contributing to an elevated value for serum total CK. CK1 isoenzyme could be detected in the sera of patients who had undergone neurosurgery and hence it would be worthwhile to review the reported conditions producing an increased serum CK activity attributed to neurological diseases in view of the sensitivity of the method. 
